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ABSTRACT

A population-based, case-control study of pancreatic cancer based on
direct interviews with 307 white and 179 black incident cases and 1164
white and 945 black population controls was conducted in three areas of
the United States to determine the role alcohol drinking plays as a risk
factor for pancreatic cancer and to estimate the extent to which it may
explain the higher incidence of pancreatic cancer in blacks compared to
whites. Our findings indicate that alcohol drinking at the levels typically
consumed by the general population of the United States is probably not
a risk factor for pancreatic cancer. Our data suggest, however, that heavy
alcohol drinking may be related to pancreatic cancer risk. Among men,
blacks and whites who drank at least 57 drinks/week had odds ratios
(ORs) of 2.2 [95% confidence interval (CI) = 0.9-5.6] and 1.4 (95%
CI = 0.6-3.2), respectively. Among women, blacks who drank 8 to <21
drinks/week had an OR of 1.8 (95% CI = 0.8-4.0), and those who drank
at least 21 drinks/week had an OR of 2.5 (95% CI = 1.02-5.9), but whites
with the same levels of alcohol intake experienced no increased risk.
Compared to whites, blacks had significantly higher ORs associated with
heavy alcohol drinking (=57 drinks/week) in men (P = 0.04) and with
moderate-to-heavy drinking (=8 drinks/week) in women (P = 0.03).
Additional research is needed to determine whether heavy alcohol drink-
ing is causally related to pancreatic cancer and whether the risk of
alcohol-related pancreatic cancer is greater in blacks than in whites.

INTRODUCTION

For several decades, black Americans consistently have experi-
enced more than a 50% higher risk of pancreatic cancer than whites
(1). During the time period 1986-1990, United States average annual
age-adjusted incidence rates of pancreatic cancer were 13.8/100,000
for blacks and 8.8/100,000 for whites (2). Because the etiology of
pancreatic cancer is not well understood, the reasons for this excess
among blacks are unclear. Alcohol drinking has been associated with
increased risk of pancreatic cancer in at least 15 epidemiological
studies (3—17), but this association has not been observed in at least 21
other studies (18-25). Our purpose is to further investigate the role
alcohol plays as a risk factor for pancreatic cancer and to estimate the
extent to which it may explain the black/white difference in incidence
rates. This is the first study of pancreatic cancer to include a sufficient
number of blacks to address this issue.

MATERIALS AND METHODS

This population-based, case-control study was initiated simultaneously with
case-control studies of three other malignancies that also occur excessively in
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blacks (i.e., esophagus, prostate, multiple myeloma). One general population
control group provided controls for all four types of cancer.

Cases were identified through population-based cancer registries in Detroit
(Macomb, Oakland, and Wayne Counties), New Jersey (10 counties), and
Atlanta (DeKalb and Fulton Counties). Our case series consisted of all incident
cases of carcinoma of the pancreas (International Classification of Diseases,
0 = 157) first diagnosed from August 1986 to April 1989 among residents of
these study areas, ages 30-79 years. To ensure the population-based nature of
our case series and to identify as completely as possible all cases of pancreatic
cancer, we included cases regardless of whether they had tissue confirmation.
Because about 15% of our cases lacked tissue confirmation, in-depth medical
chart reviews were conducted independently on all cases to determine accuracy
of diagnosis. Overall, only 4.9% of white and 6.6% of black cases were found
to be “unlikely” to have had pancreatic cancer and were excluded from all
analyses.

Of the 713 white and 440 black cases eligible for study, interviews were
obtained for 331 whites (46%) and 195 blacks (44%). Because of the poor
prognosis of this tumor, the primary reason for nonresponse was death. Two
hundred seventy-one white (38%) and 200 (45%) black cases had died before
an interview could be conducted, despite the emphasis placed on ascertaining
and interviewing cases within 6 weeks of diagnosis. (The median time from
diagnosis to interview was 51 days for white cases and 47 days for black
cases.) Other reasons for nonresponse were physician or patient refusal [34
white (5%) and 17 black (4%) cases], severe illness [64 white (9%) and 25
black (6%) cases], and language or other problems [13 white (2%) and 3 black
(1%} cases].

Our control series was drawn from the general population of the study areas,
frequency matching controls to the expected age-race-sex distribution of cases
of all four types of cancer combined in each study area. The age matching was
done in 5-year age groups. Controls 30—64 years old were chosen by a method
of random-digit dialing (26). Of the 17,746 households telephoned, 86%
provided a household census that served as the basis for a sampling frame for
control selection. Of the 895 white and 673 black controls selected from these
households, 701 white (78%) and 526 black (78%) controls were interviewed.
One hundred forty-nine white (17%) and 109 black (16%) controls refused to
participate, 12 white (1%) and 11 black (2%) controls were too ill, 3 white
(.3%) and 2 black (.3%) controls had died, and 30 white (3%) and 25 black
(4%} controls did not speak English or were unable to participate for other
reasons.

Controls 65-79 years old consisted of a stratified random sample drawn
from lists from the Health Care Financing Administration of the population age
65 years and older in each study area. Of the 656 white and 576 black older
controls selected, interviews were obtained for a total of 479 whites (73%) and
447 blacks (78%). One hundred nineteen white (18%) and 58 black (10%)
older controls refused to participate, 29 whites (4%) and 34 blacks (6%) were
too ill, 7 whites (1%) and 15 blacks (3%) had died, and 22 whites (3%) and 22
blacks (4%) did not speak English or were unable to participate for other
reasons.

Interviews were usually conducted in the home of the subject by a trained
interviewer. Before the interview, written informed consent to participate in
the study was obtained from each subject. The questionnaire was designed to
obtain detailed information on alcohol consumption, smoking history, coffee
and tea consumption, dietary factors, medical conditions, usual occupation,
family histéry of cancer, and socioeconomic status.

Alcohol drinkers were defined as subjects who reported ever drinking at
least 1 drink of hard liquor, beer, or wine per month for at least 6 months. The
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Table 1 Numbers of cases and controls and ORs for pancreatic cancer according to total alcohol consumption by race and sex

White Black
Total alcohol No. of No. of No. of No. of
consumption cases controls OR“ 95% ClI cases controls OR”? 95% CI
Men”
Never drank 38 152 1.0 14 137 1.0
Ever drank 128 589 0.9 0.6-1.4 66 462 1.0 0.5-1.9
No. of drinks/wk"?
Never drank 38 152 1.0 14 137 1.0
1<8 40 216 0.8 0.5-1.4 11 129 0.6 0.2-1.6
8-<22 39 204 0.8 0.4-13 24 164 1.2 0.5-2.6
22-<57 32 132 1.0 0.6-1.9 13 122 0.6 0.2-1.6
=57 15 37 1.4 0.6-3.2 17 46 22 0.9-5.6
(P = 0.04)
Women”
Never drank 85 222 1.0 50 226 1.0
Ever drank 56 201 0.6 0.4-0.97 44 120 1.5 0.9-2.7
No. of drinks/wk?
Never drank 85 222 1.0 50 226 1.0
1—<8 34 138 0.7 0.4-1.1 14 66 1.1 0.5-2.2
8-<21 15 52 0.4 0.2-0.9 17 34 1.8 0.84.0
=21 7 11 0.9 0.3-3.0 13 20 2.5 1.02-59
(P = 0.03)

@ ORs adjusted for age, area, cigarette smoking, gallbladder disease, and diabetes.
% ORs also adjusted for income.
¢ One drink = 1.5 ounces of hard liquor, 12 ounces of beer, or 4 ounces of wine.

4 Three cases and 1 control with missing information on amount of alcohol consumed were excluded from estimation of risk by amount consumed.

¢ P value for test of linear trend.
fORs also adjusted for obesity.

usual number of drinks per week for each type of alcoholic beverage was
derived from the questionnaire data on weekday and weekend usual adult
consumption of each type of alcoholic beverage. The number of glasses,
bottles, and cans of each type of alcohol reported by the subject was converted
into number of drinks based on the following equivalencies: 1 drink = 1.5
ounces of hard liquor = 4 ounces of wine = 12 ounces of beer.

The association between alcohol consumption and pancreatic cancer risk
was quantified by the “relative risk” as estimated by the OR.> ORs and
two-sided 95% ClIs were estimated by unconditional logistic regression anal-
yses (27, 28). Race- and sex-specific models included terms for alcohol
drinking, age, and study area, as well as terms for potential confounders [i.e.,
cigarette smoking as measured by usual amount smoked per day, gallbladder
disease, diabetes mellitus, obesity (women only) as measured by body mass
index (29), and income (men only)]. Of these confounders, adjustment for
cigarette smoking had the greatest impact on point estimates. Additional
adjustments for pancreatitis and several dietary risk factors (i.e., complex and
simple carbohydrate intake and vegetable consumption) had little or no impact
on point estimates (i.e., adjustment changed the point estimate by less than
10%) and were not included in final models. To test for trend, the exposure
variable was treated as continuous in the model by entering the median value
for each level of the categorical variable among the controls. One-sided
significance tests of the interaction between race and alcoho! drinking were
used because the a priori alternative hypothesis was that blacks have higher
alcohol-related ORs than do whites. PARs and the two-sided 95% Cls were
computed by the methods of Bruzzi et al. (30) and Benichou and Gail (31),
respectively, and were adjusted for age, geographic area, smoking, income
(men only), gallbladder disease, diabetes mellitus, and obesity (women only).

Interviewed subjects were excluded from analysis for the following reasons:
16 cases were unlikely to have had pancreatic cancer, 10 cases had islet cell
carcinomas, 6 cases had no medical record available for review, 1 case and 7
controls had interviews that were judged unsatisfactory by the interviewer, and
7 cases and 37 controls had missing data. The alcobol analysis was based on
first-person interviews with 486 (307 white and 179 black) “likely” cases with
a diagnosis of carcinoma of the exocrine pancreas and 2109 (1164 white and
945 black) population controls.

3 The abbreviations used are: OR, odds ratio; CI, confidence interval; PAR, popula-
tion-attributable risk; HIS, National Health Interview Survey.

RESULTS

Our case series experienced the poor survival and low response rate
that typically accompany highly fatal diseases such as pancreatic
cancer. Because many patients had died before an interview was
possible, we were concerned about the representativeness of the case
series with regard to the exposures under study. To address this
concern, we conducted interviews with next of kin of a sample of
cases who died (i.e., 210 white and 115 black deceased cases) to
determine the comparability of those who died and those who lived
long enough to be interviewed. The next-of-kin interview was re-
stricted to broad questions that next-of-kin respondents have been
shown to answer reliably (32). The overall percentage of cases who
ever drank alcohol regularly as reported by next-of-kin respondents
was similar to that reported by directly interviewed cases (white men,
74% and 77%; black men, 88% and 83%; white women, 48% and
41%; black women, 54% and 46%, respectively). Next-of-kin data
also tended to be similar to data from interviewed cases for each type
of alcoholic beverage, suggesting that alcohol consumption as re-
ported by interviewed cases was probably representative of the alco-
hol-drinking patterns in the total case series.

Total Alcohol Consumption. Among men, blacks and whites had
similar percentages of population controls who ever drank any type of
alcohol (77 versus 79%). Among women, however, a significantly
(P < 0.01) lower percentage of black than white controls ever drank
alcohol (35 versus 48%). In contrast, black controls had higher per-
centages of heavy drinkers than did white controls for both men and
women [men who drank = 57 drinks per week; 8 versus 5%
(0.01 < P < 0.05); women who drank = 21 drinks per week, 6 versus
3% (0.01 < P < 0.05)].

Table 1 shows risk of pancreatic cancer associated with total
alcohol consumption. No association with ever drinking alcohol was
apparent among men of either race. Black women experienced 2
nonsignificant 50% increased risk of pancreatic cancer associate
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with ever having consumed alcohol, and white women experienced a
marginally significant 40% reduced risk.

Significant trends in risk with increasing total alcohol intake were
apparent for blacks but not whites (black men, P = 0.04; black
women, P = 0.03). Although the trend was significant among black
men, no evidence of a monotonic increase in risk was seen with
increasing intake. Rather, risk was restricted to heavy drinkers; those
who drank at least 57 drinks/week had an OR of 2.2 (95% CI = 0.9
5.6) compared to 1.4 for white men (95% CI = 0.6-3.2). Among
black women, the trend in risk with increasing total alcohol consump-
tion was monotonic as well as significant. Black women who drank 8
to <21 drinks/week had an OR of 1.8 (95% CI = 0.8-4.0), and those
who drank at least 21 drinks/week had an OR of 2.5 (95% CI = 1.02-
5.9) compared to ORs of 0.4 and 0.9, respectively, for white women.
The interactions between race and both heavy alcohol intake (=57
drinks/week) in men and moderate-to-heavy intake (=8 drinks/week)
In women were statistically significant (men, P = 0.04; women,
P = 0.03).

Hard Liquor Consumption. Pancreatic cancer risk according to
hard liquor consumption is shown in Table 2. No significant trends in
risk with increasing hard liquor intake were observed. Heavy hard
liquor drinking (>35 drinks/week), however, was associated with
increased risk in black men (OR = 2.4; 95% CI = 0.9-6.3) but not
in white men. Black women experienced an overall excess risk asso-
ciated with hard liquor consumption (OR = 1.8; 95% CI = 0.9-3.3),
whereas white women experienced no overall elevation in risk.

We examined several additional variables related to hard liquor
consumption: type of liquor, amount of dilution, and binge drinking.
None of these variables appeared related to risk either as a risk factor
or an effect modifier.

Beer Consumption. Table 3 gives the ORs for pancreatic cancer
associated with beer drinking. White men had a significant positive
trend in risk with increasing beer intake (P = 0.02). The trend was
inconsistent, however. The increased risk was limited to white men
who drank more than 28 beers/week (OR = 2.1;95% CI = 1.03-4.2).
In contrast, black men experienced no increased risk associated with
beer drinking. Among women, there was little or no elevation in
overall risk for either blacks or whites. Black women who drank more

than 7 beers/week did have a nonsignificant 60% elevation in risk, but
white women had no increased risk associated with beer drinking.

Wine Consumption. ORs for pancreatic cancer according to wine
consumption are given in Table 4. No significant trends in risk with
increasing wine intake were apparent. Moderate-to-heavy wine intake
in black men was associated with a nonsignificant 60% elevation in
risk, whereas white men experienced no elevated risk. Among
women, little or no overall increased risk was apparent for either black
or white drinkers of wine. White women who drank at least 7
glasses/week did experience a nonsignificant 40% elevation in risk,
whereas moderate-to-heavy black female drinkers experienced no risk
elevation.

Alcohol Drinking in Nonsmokers. Despite the inclusion of terms
for cigarette smoking in all models, we were concerned about residual
confounding by smoking, a risk factor for pancreatic cancer (33) and
a strong correlate of alcohol drinking. To address this concern, we
examined alcohol effects among lifelong nonsmokers when numbers
permitted. For white nonsmokers, patterns of risk were similar to
those observed for the total group of whites. For black nonsmokers,
however, some alcohol effects were stronger than those observed for
the total group of blacks.

Black male nonsmokers experienced an increased risk associated
with heavy beer drinking, which was not apparent in the total group
of black men. Those who drank more than 14 beers/week had an OR
of 2.2 (95% CI = 0.4-12.2). The effect of hard liquor was also greater
in nonsmokers. Black male nonsmokers who drank more than 14
drinks/week had an OR of 5.6 (95% CI = 1.1-28.3). There were too
few black male wine drinkers to estimate risk among nonsmokers.

Black female nonsmokers also experienced stronger effects for
both total alcohol drinking and beer drinking than those observed
for the total group of black women. Black female nonsmokers had
ORs of 2.6 (95% CI = 1.1-6.1) for ever drinking alcohol and 4.8
(95% CI = 1.5-15.1) for drinking at least 8 drinks/week. For beer
drinking, ORs were 3.0 (95% CI = 0.9-10.0) for ever drinkers and
6.0 (95% CI = 1.0-36.4) for drinkers of more than 14 beers/week.
The effects of hard liquor were similar to those observed for total
black women. There were too few black female wine drinkers to
estimate risk in nonsmokers.

Table 2 Numbers of cases and controls and ORs for pancreatic cancer according to hard liquor consumption by race and sex

White Black
Hard liquor No. of No. of No. of No. of
consumption cases controls OR“ 95% CI1 cases controls OR“ 95% CI
Men”
Never drank liquor 83 337 1.0 23 220 1.0
Ever drank liquor 83 404 0.8 0.5-1.2 57 379 1.2 0.6-2.3
No. of drinks/wk*
Never drank liquor 83 337 1.0 23 220 1.0
1-=7 48 251 0.9 0.5-1.4 13 136 0.9 0.4-2.0
8-<14 11 76 0.7 0.3-1.4 11 92 1.2 0.5-3.0
15-=35 17 56 0.9 0.5-1.9 19 103 1.2 0.5-2.7
>35 4 15 0.5 0.1-2.0 12 37 2.4 0.9-6.3
(P = 0.06)"
Women®
Never drank liquor 104 294 1.0 58 271 1.0
Ever of drank liquor 37 129 0.7 04-1.2 36 75 1.8 0.9-3.3
No. of drinks/wk®
Never drank liquor 104 294 1.0 58 271 1.0
1-<7 26 106 0.6 0.3-1.2 17 46 1.6 0.8-34
8-=14 7 15 0.9 0.3-2.8 13 12 2.8 1.0-8.1
>14 4 8 0.8 0.2-3.0 6 16 1.2 0.4-3.9

“ ORs adjusted for age, area, cigarette smoking, gallbladder disease, diabetes, beer consumption, and wine consumption.

? ORs also adjusted for income.

“ Five cases and 18 controls with missing information on amount of hard liquor consumed were ¢xcluded from estimation of risk by amount consumed.

“ P value for test of linear trend.
“ ORs also adjusted for obesity.
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Table 3 Numbers of cases and controls and ORs for pancreatic cancer according to beer consumption by race and sex

White Black
No. of No. of No. of No. of
Beer consumption cases controls OR“ 95% ClI cases controls OR“ 95% CI
Men?
Never drank beer 65 270 1.0 33 246 1.0
Ever drank beer 101 471 0.9 0.6-14 47 353 0.8 0.4-14
No. of beers/wk”
Never drank beer 65 270 1.0 33 246 1.0
1-=7 47 249 0.8 0.5-1.3 22 190 0.9 0.5-1.8
8-=14 10 95 0.5 0.2-1.0 7 78 0.4 0.1-1.2
15-=28 17 71 1.1 0.6-2.3 10 52 1.0 0.4-2.4
>28 22 50 2.1 1.03-4.2 6 23 0.9 0.3-29
P =002
Women®
Never drank beer 118 356 1.0 63 267 1.0
Ever drank beer 23 67 0.9 0.5-1.7 31 79 1.2 0.7-2.4
No. of beers/wk®
Never drank beer 118 356 1.0 63 267 1.0
1-=7 16 52 1.0 0.5-2.1 17 55 1.1 0.5-2.3
>7 7 15 0.7 0.2-2.0 14 23 1.6 0.6-3.9

@ ORs adjusted for age, area, cigarette smoking, gallbladder disease, diabetes, hard liquor consumption, and wine consumption.

% ORs also adjusted for income.

< Seven cases and 17 controls with missing information on amount of beer consumed were excluded from estimation of risk by amount consumed.

4 p value for test of linear trend.
¢ ORs also adjusted for obesity.

Attributable Risks. If heavy alcohol drinking is, in fact, causally
related to pancreatic cancer risk, the proportion of the black excess
that may be attributable to alcohol consumption is estimable. Our
intent is to use the PAR as an analytic tool to quantify the proportion
of the black excess that may be attributable to heavy alcohol drinking
if heavy drinking is confirmed as a risk factor for pancreatic cancer.
It would not be appropriate to use the PARs estimated from these data
to make public health recommendations.

For meaningful PAR estimation, it is important to define exposure
to capture the observed increase in risk. Because the levels of alcohol
consumption associated with increased risk were higher in men than
women (i.e., men, =57 drinks/week; women, =8 drinks/week), we
used different definitions of exposure to alcohol for each sex.

Table 5 shows PARs for alcohol drinking by race and sex. Among
men, 11% of pancreatic cancer in blacks may be attributable to heavy
alcohol consumption compared to 2% in whites. The PAR was higher
in blacks for two reasons: (a) the OR was higher in blacks than whites

(2.2 versus 1.4); and (b) the exposure rate was slightly higher in
blacks than whites (8 versus 5%). The total age-adjusted incidence
rate for pancreatic cancer for the three study areas combined during
the study period was 16.0/100,000 in black men and 12.8/100,000 in
white men, yielding a 25% excess in blacks. The complement of the
PAR, the proportion of the disease not explained by heavy alcohol
drinking, was applied to the total incidence rate to estimate the
incidence in men who were not heavy drinkers (nondrinkers and men
who drank fewer than 57 drinks/week). In the absence of heavy
alcohol drinking, pancreatic cancer incidence rates would have been
14.2/100,000 for black men and 12.5/100,000 for white men, yielding
a 14% excess in blacks.

Among women, alcohol drinking appears to be associated with
increased risk in blacks but not in whites. Consequently, the PAR for
alcohol was only estimable for black women. Sixteen % of pancreatic
cancer in black women may be due to moderate-to-heavy alcohol
consumption. The OR was higher in blacks than whites (2.0 versus

Table 4 Numbers of cases and controls and ORs for pancreatic cancer according to wine consumption by race and sex

White Black
No. of No. of No. of No. of
Wine consumption cases controls OR* 95% CI cases controls OR“ 95% CI
Men”
Never drank wine 113 487 1.0 64 486 1.0
Ever drank wine 53 254 0.9 0.6-1.4 16 113 1.2 0.6-2.3
No. of glasses/wk”
Never drank wine 113 487 1.0 64 486 1.0
1-<7 32 164 1.0 0.6-1.6 8 74 1.1 0.5-2.7
=7 19 84 1.0 0.5-1.8 8 33 1.6 0.64.2
Women?
Never drank wine 115 301 1.0 82 318 1.0
Ever drank wine 26 122 0.9 0.5-1.5 12 28 1.2 0.5-2.8
No. of glasses/wk
Never drank wine 115 301 1.0 82 318 1.0
1-<7 16 98 0.7 03-1.3 9 20 1.3 0.5-3.5
=7 10 24 14 0.6-3.5 3 7 1.0 0.2-4.6

“ ORs adjusted for age, area, cigarette smoking, gallbladder disease, diabetes, hard liquor consumption, and beer consumption.

ORs also adjusted for income.

 Two cases and 13 controls with missing information on amount of wine consumed were excluded from estimation of risk by amount consumed.

9 ORs also adjusted for obesity.
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Table 5 Estimated %PARs for alcohol drinking by race and sex

OR? for alcohol %PAR? for Total pancreatic Pancreatic cancer
Controls drinking® alcohol drinking® cancer incidence incidence rate
Race/Sex (% exposed)“ (95% CI) (95% CIy rate in nonexposed”
White men 5 1.4 2% 12.8/100,000 12.5/100,000
(0.6-3.2) [(-4)-8]
Black men 8 22 11% 16.0/100,000 14.2/100.000
(0.9-5.6) [(~1)-24]
White women 15 0.5 NE? 9.0/100,000 9.0/100,000
(0.3-1.1)
Black women 16 20 16% 13.3/100,000 11.2/100,000
(1.0-3.9) (1-31)

b

¢

“ Alcohol drinking in men, drank =57 drinks of alcohol/week; alcohol drinking in women, drank =8 drinks of alcohol/week.
All ORs and PARs were adjusted for age, geographic area, cigarette smoking, income (men), gallbladder disease, diabetes, and obesity (women).
Includes only men who were nondrinkers and those who drank <57 drinks/week and only women who were nondrinkers and those who drank <8 drinks/week.

Because alcohol drinking was not related to increased risk (OR < 1.0), the PAR was not estimated for white women.

0.9), whereas the exposure rates were almost identical in black and
white women (16 versus 15%). The total incidence of pancreatic
cancer was 48% higher in black women than white women (13.3/
100,000 versus 9.0/100,000). In the absence of moderate-to-heavy
alcohol consumption, pancreatic cancer incidence rates would have
been 11.2/100,000 for black women and 9.0/100,000 for white
women, yielding a 24% excess in blacks.

DISCUSSION

Our results suggest that alcohol drinking at the levels typically
consumed by the general population in the United States is probably
not a risk factor for pancreatic cancer. We observed no overall
association between alcohol drinking and pancreatic cancer risk, ex-
cept among black women who experienced a nonsignificant 50%
increased risk and white women who experienced a marginally sig-
nificant 40% reduction in risk. Trends in risk with increasing alcohol
intake were significant only among blacks and consistent only among
black women. Rather, our data suggest that heavy alcohol drinking
may be a risk factor for pancreatic cancer. Among men, blacks and
whites who drank at least 57 drinks/week had ORs of 2.2 (95%
CI = 0.9-5.6) and 1.4 (95% CI = 0.6-3.2), respectively. Among
women, blacks who drank 8 to <21 drinks/week had an OR of 1.8
(95% CI = 0.8-4.0), and those who drank at least 21 drinks/week had
an OR of 2.5 (95% CI = 1.02-5.9). However, white women with the
same levels of alcohol intake experienced no increased risk. The
excess risk seen among heavy drinkers did not appear to be due to
residual confounding by cigarette smoking. When alcohol effects
were examined among lifelong nonsmokers, risk estimates for heavy
drinkers were either similar or higher than those observed for the total
study group.

The increased risk observed for heavy drinkers, but not for light or
moderate drinkers, may be explained by several factors: (a) it may
suggest a toxic effect of heavy alcohol drinking; (b) because heavy
drinking appears to be associated with only a moderate increase in
risk, it may be difficult to detect an effect of lower levels of alcohol
drinking using conventional epidemiological techniques; and (c) if
nonrespondents were more likely to be heavy drinkers than respon-
dents, selection bias could have resulted in an effect only among
heavy drinkers. It appears unlikely, however, that such selection bias
occurred. We compared the proportion of heavy alcohol drinkers in
our control group to that observed in the HIS conducted in 1987.% The
proportion of heavy drinkers among both blacks and whites was
higher among our population controls than that observed in the HIS,
suggesting that heavy drinkers were not underrepresented in our
control group. For men, 4.9% of whites and 7.8% of blacks drank at

* L. Kessler, unpublished data (Food and Drug Administration).

least 57 drinks/week compared to 0.6% of whites and 1.3% of blacks
in the HIS. For women, 2.6% of whites and 5.7% of blacks drank at
least 21 drinks/week compared to 1.2% of whites and 2.1% of blacks
in the HIS.

Our findings are consistent with those of most previous studies that
have found little or no support for a causal relation between regular
alcohol drinking and pancreatic cancer risk (18, 33). It is plausible,
however, that heavy alcohol drinking could be a risk factor for
pancreatic cancer. Chronic alcohol abuse is a known risk factor for
chronic (calcifying) pancreatitis (34), which has been associated with
increased pancreatic cancer risk in some reports (1, 35, 36). At least
eight studies have suggested heavy drinkers may have an elevated risk
(4-6, 8, 11, 13, 14, 17), although an effect among heavy drinkers has
not been seen in other studies (37-43). Several possible explanations
for the absence of risk among heavy drinkers observed in some studies
are apparent: (a) cohort studies of alcoholics may not have been large
enough to detect a modest elevation in pancreatic cancer risk; b)
case-control studies based exclusively on histologically confirmed
cases may preferentially select cases with lower exposure to alcohol.
Alcoholics may be more likely to be nonhistologically confirmed than
nonalcoholics resulting from less access to medical care or cancer-
related symptoms that are misdiagnosed as alcohol related (35). Be-
cause we included all likely cases, regardless of histological confir-
mation, our study was less prone to this type of selection bias; and (c)
because of the unfavorable prognosis of patients with pancreatic
cancer, many case-control studies included a high proportion of in-
terviews with next-of-kin respondents. Data suggest that next-of-kin
respondents reliably report whether a subject drank alcoholic bever-
ages. Information on amount consumed, however, appears to be
somewhat less reliable, and little is known about the ability of next-
of-kin respondents to reliably report very heavy alcohol use (32).
Thus, information obtained from next of kin on heavy alcohol drink-
ing may be more vulnerable to misclassification than that based on
more moderate levels of alcohol consumption.

We observed racial differences in risk with regard to the type of
alcohol consumed. Risk among blacks was mainly due to consump-
tion of hard liquor, whereas risk among white men was due to
consumption of beer. Similar race-specific patterns of risk have been
observed recently for oral (44) and esophageal (45) cancers. Reasons
for the observed racial differences in pancreatic cancer risk by type of
alcoholic beverage consumed are unclear. Previous studies of pancre-
atic cancer in whites in Switzerland (9), the United Kingdom (11), and
the United States (13, 16) have suggested that beer consumption may
be associated with increased risk, whereas studies in Japan (46),
Poland (15), and the United States (16) have suggested that hard
liquor may be associated with increased risk. Beer contains more
nitrosamines than other types of alcoholic beverages (18), and nitro-
samines are known pancreatic carcinogens in rodents (47). Hard
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liquor may also contain nitrosamines and a variety of other potential
carcinogens (18), such as pesticides and contaminants of grain. In our
data, risk appeared unrelated to the type of hard liquor consumed.

The effects of alcohol consumption on pancreatic secretion are poorly
understood. It appears that alcoholic beverages added to the meal inhibit
pancreatic enzyme secretion (48). Beer and hard liquor seem to have
similar inhibitory effects on postprandial secretion of trypsin, whereas the
effect of wine appears to be weaker (48). Inhibition of trypsin leads to
secretion of cholecystokinin. Beer also has been shown to release signif-
icantly more cholecystokinin than do other forms of alcohol (48). Exog-
enous cholecystokinin promotes the growth of transplantable cell lines of
human pancreatic adenocarcinoma (49).

Additional research focusing on the role of heavy alcohol drinking
in pancreatic cancer etiology is needed. If heavy alcohol drinking is
confirmed as a risk factor for pancreatic cancer in future studies, it
may explain part of the excess risk experienced by blacks. In fact, we
found that about one-third of the excess in black men and one-half of
the excess in black women may be attributable to heavy alcohol
drinking. The higher attributable risks for heavy alcohol drinking in
blacks compared to whites (men, 11% in blacks and 2% in whites:
women, 16% in blacks and 0% in whites) were primarily due to higher
ORs associated with heavy alcohol intake in blacks; black and white
population controls of each sex had somewhat similar prevalences of
heavy alcohol consumption.

Several possible explanations for the higher alcohol-related ORs in
blacks compared to whites are apparent. Blacks and whites may differ
in their alcohol drinking habits. For example, blacks may drink
different brands of beer and hard liquor than whites. We were unable
to evaluate race-specific risks by brand name because information on
brand consumed was not obtained. Blacks also may be more suscep-
tible to alcohol-induced pancreatic cancer than whites because of
race-related differences (genetic or induced) in either alcohol metab-
olism or vulnerability to pancreatic tissue damage from heavy alcohol
use. Future research efforts should be directed at determining both the
role of heavy drinking as a risk factor for pancreatic cancer and
whether the risk of alcohol-related pancreatic cancer is greater in
blacks than in whites.
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